distinguished medical men are here to take part in the discussion; so that you will see that we are commencing our session in the orthodox manner; that is, with the joint collaboration of medical men and a veterinarian. My ambition is to make this session as successful as has been the one which we -have just completed, and for this the chief thing necessary is that we shall all bring forward material of mutual interest either in the form of actual specimens or of subjects for discussion.
The present state of our knowledge of poisonous plants is by no means satisfactory. Fairly complete investigations, including the necessary chemical and pharmacological studies, have been made of a number of plants that contain active principles which are, or have been, used in therapeutics; also of some that have been used extensively, as foods, and of a few that have attracted attention on account of the severity of the losses induced, or the peculiar nature of the effects. But even in connexion with many of these there are many gaps in our knowledge. In a recent paper Craig and Kehoe [3] pointed out the necessity for more detailed work in connexion with such common substances as potato and linseed.
When we pass from the classes of plants already mentioned, however, we soon pass into regions of speculation and assumption. One has no hesitation in asserting that a very considerable proportion of the plants believed to be poisonous, and mentioned in books on the subject, have never been proved to be so; and I consider it to be very probable that definite tests would clear many of them of all suspicion, while experiment would probably incriminate some others which have never been suspected at all.
Even chemical analyses, not preceded by and based on biological experiment, may be misleading from the toxicological point of view; there are some plants which undoubtedly have poisonous constituents, and yet are most unlikely ever to kill animals, and they may even be incapable under natural conditions of doing so. This certainly applies to some plants which have been shown to, contain cyanogenetic glucosides, and to some that contain oxalate, e.g., the sorrel investigated by Craig and Kehoe [4] . The active principle may be present in such low concentration that an effective dose is never taken, unless there is cumulative action; this is particularly likely to be the case when the plant is unattractive to animals, and a plant may be so unpalatable that it is rejected after several days of starvation.
In most of the publications on poisonous plants, reference is made to the absence, in many cases, of any really definite evidence, and it is suggested that some of the recorded suspicions are probably not well-founded.
Ewart [5] , writing of the poisonous plants of Victoria, remarked that in suspected cases of poisoning, and in the absence of any known poison, it is common to select as a scapegoat one of the plants growing in the vicinity. This plant then acquires a certain reputation which is likely to increase, since the plant is afterwards looked for in other obscure outbreaks, and may quite probably be found in the vicinity. There may, therefore, actually seem to be corroborative evidence, although the first suspicions have been baseless. Anotber paper by Craig and Kehoe [4] is of very great interest, as it emphasizes the need for experimental investigation before cases of illness and death are attributed to plant poisoning. In this instance an acute bovine disease was observed to occur in the spring and autumn in a certain district in Ireland, and evidence of the usual kind led to the suspicion that the disease was associated with the ingestion of a common plant, Rumex acetosa, or sorrel, which had already been under suspicion in connexion with outbreaks occurring elsewhere. Moreover, chemical analysis confirmed the previously recorded fact that sorrel, like some other species of Rumex, contained oxalzte. But in this instance actual feeding-tests were carried out on cattle, and the results were negative in all cases, although one animal ate as much as 269 lb. of the plant.
There are many other sources of error connected with a knowledge based on field observations with so small a proportion of critical experimental work. Even when a certain plant or plant-product has been fed to animals and consumed in known amount, and when certain ill-effects can quite definitely be associated with that feeding, there still remain a number of questions which require careful consideration, but which have not by any means always received it.
One of these is the state of the material, i.e., whether it has undergone any fermentative or other chaDges as a result of either parasitic invasion or the action of enzymes pre-existing in the plant, and one must recognize the possibility that parasites may flourish on vegetation and form toxic metabolites without inducing any macroscopic changes in the plants. Still another very important question is that of the purity of the material or its possible contamination with some other plant species, as in the case of a weed growing amidst a cultivated crop. That a most important error may have arisen from this cause is suggested by the very interesting results obtained recently by Anderson, Howard, and Simonsen [6] in their work on lathyrism.
In man lathyrism probably ranks next to ergotism as the commonest, or, at least, the best known, form of chronic poisoning by vegetable food; it has been recorded on numerous occasions in horses and less frequently in cattle, sheep, and pigs.
The condition of lathyrism has long been known to be associated with the continued ingestion of the grain or seeds of various species of Lathyr-us, known as dog-tooth, Indian or mutter peas, but attempts to isolate the active principle have given conflicting and inconclusive results. The evidence furnished by the study of naturally occurring outbreaks and by a few feeding tests has been rather unsatisfactory, and difficult to interpret; it has suggested at least that there may be some striking differences in toxicity between various samples of the grain. In their recent work Anderson, Howard, and Simonsen found that Lathyrns seeds have no harmful effects on animals, but that the growing crops of Lathyrus are always contaminated with leguminous weeds, of which the seeds in some cases resemble the Lathyrits grain in appearance, They claim to have associated the condition of lathyrism with the occurrence of the seeds of one of these weeds, Vicia sativa, a vetch known as atka, and in the seeds in question they found a glucoside, vicin, which on hydrolysis yielded a base, divicine, a pyrimidine derivative to which they attribute the ill-effects. The conflicting evidence relating to lathyrism is easily understood if we accept the conclusions of these workers, and their results, if confirmed, will advance our knowledge very considerably. In any case the error that they claim to have detected is of a kind that may have arisen in connexion with conditions other than lathyrism.
Another possible cause of confusion, that may explain some of the cases in which the evidence seems to be contradictory, is the occurrence within a given botanical species of several well-differentiated varieties, which may differ chemically; in this connexion, perhaps, quantitative differences are especially likely to occur. Many of these varieties are, of course, well recognized; others have probably not yet received attention, and it is possible that re-examination of some of the varieties would lead to their recognition as distinct species.
I have been informed by botanical friends of the occurrence of considerable varietal differences within the species Ricinus communis, and in some of the species of Senecio, and it is of interest to note that in both of these instances there is some evidence of rather wide differences in toxicity. For example, cases have been recorded in which serious effects have been induced in man by the ingestion of one or two castor beans; yet in certain areas children often consume quite a number of the beans without suffering any noticeable harm. It is admitted, of course, that such variations in toxicity may be associated with climatic and telluric, rather than botanical, differences.
It may appear strange, in considering the recent advances in our knowledge of plant-poisoning, that one should discuss at length the value of our present knowledge, and certain causes of error which have probably been in operation. I believe, however, that the realization of the true value of much that has been accepted as fact, and of the urgent need for more detailed and controlled experimental study, in itself constitutes a most important and necessary advance. Those recent investigations that have emphasized this aspect appear to possess, on that account, an added importance.
It would be a very grave error to under-estimate the value of field observations; such observations call attention to the problems encountered in everyday practice, and they necessarily precede and stimulate experimental investigation. Moreover, there are some aspects of the subject which can be studied only in the field, under natural conditions, and it is most desirable that practitioners should record, with the greatest possible detail, the outbreaks of poisoning, or supposed poisoning, which come to their notice. Such records will have a greater value, however, when we are careful to recognize the essential difference between field observations and suitably arranged and controlled experiments, which could not possibly be carried out under the ordinary conditions of practice.
Of the many factors which may affect the toxicity of plants of a given species, one that is well recognized to be important is the character of the soil in which they
grow. An excellent example of the influence of soil is afforded by Vangueria pygmcea [7] , which was shown by Theiler to be more toxic when grown on a certain red soil than when occurring on a black soil found on the same farm; here the altitude and general climatic conditions were more or less identicaf.
Seasonal variations in plant-poisoning are sometimes due to the fact that a particular plant is found in abundance oDly at some special, and possibly quite brief, season of the year. In many cases the importance of the season lies, not so much in its influence on the poisonous plant itself, but rather in its effect on the growth of other plants which offer a harmless alternative diet. The spring is naturally the season during which this factor is of the greatest importance, and probably a considerable proportion of the poisonous plants are rarely eaten, in any significant amount, if such an alternative diet is available. The importance of this factor has been demonstrated in connexion with a number of the forms of poisoning investigated recently.
In some cases, however, the toxicity varies greatly at different stages of the plant's growth. Thus Theiler found that Tribulus terrestris is poisonous only when in the flowering stage, and one of my former colleagues at Pretoria has shown some striking differences to exist between leaves of various ages on the " gift-blaar " (not yet published). The case of trefoil dermatitis [8] is interesting, since its occurrence at a particular season has been shown by Dodd to be due to the fact that at that time shearing is carried out, and the sensitized skin is exposed to direct sunlight. The kind of season, or the weather, acts chiefly through its influence on the quantitative relations between the different constituents of the vegetation, as in the case of MVatricaria nigellwfolia [91. Sometimes the effect is a more direct one, however, and Tribulus terrestris [101 seems to lose its toxicity rapidly when dry weather causes a withering or drying of the leaves.
An example of poisoning due to the invasion of a plant by a parasite is furnished by the infection of the grass, Paspalum dilatatum, by a fungus, Claviceps paspali [11 ; this has been shown by Mitchell to induce in cattle an intoxication with nervous symptoms. In this connexion it is interesting to note the observation of Theiler, that Tr-ibutlus infected with a common fungus appears to lose its toxicity for sheep. Dodd mentions that it is commonly held in Australia that trefoil induces the dermatitis only when the plants are infested with aphides; in fact, aphis disease " is a popular name for the condition. He reproduced the disease by feeding on trefoil which apparently was free from aphides, but it is interesting to learn that the same idea has arisen in Upper Egypt [12] .
Of the changes that may occur in dead plant material, the most important is probably the development in it of the toxin of Bacillus botulinus. A great deal of work has been done of late on this subject, and a point which deserves to be emphasized is that there may be no gross changes in vegetable material that is dangerously infected. Mitchell has investigated an intoxication in bovines, with nervous symptoms, and has traced it to the ingestion of maize (chiefly old cobs lying on the ground) infested with a fungus, Diplodia zea [13] .
An article published in 1921 by Zschokke [14] draws attention to obscure but sometimes serious outbreaks of poisoning associated with the ingestion of new or " sweated" hay; he emphasizes the lack of definite information, and the need for further work.
The most extraordinary observations of this kind, however, are probably those recorded by Stockman in connexion with the meal of the soya bean [15] . It appears that no harm whatever is sustained from the ingestion of untreated soya beans, or by animals which consume soya meal from which the oil has been extracted with naphtha. Yet the most striking and fatal effects are induced in cows when the oil has been extracted with trichlorethylene. The trichlorethylene itself is not directly responsible for the intoxication, which cannot at present be explained, and the case is of such interest that further work on it is desirable.
Of recent attempts to isolate the active principles of plants, the most important is probably that already mentioned in connexion with lathyrism. Lathyrism is one of those conditions which may be associated with a latent period, i.e., an interval of considerable length may elapse between the consumption of the poison and the appearance of the first symptoms. The active principles have hitherto been isolated from only one member of this group, Senecio latifolius, in which two alkaloids occur; one of these was found by Cushny to have effects similar to those induced by the whole plant.
The work with Adenia digitata [16] is worthy of mention; in the first place, a new member has been added to the small list of phytotoxins or toxalbumins; secondly, the phytotoxin " modeccin " resembles ricin in its extraordinarily high degree of toxicity, and in its general effects, but differs in that it does not cause hamagglutination. Moreover the plant contains two poisonous principles of such widely different classes as a cyanogenetic glucoside (along with an appropriate enzyme) and the phytotoxin. It may be noted here that this phytotoxin has caused fatal poisoning in man.
In considering the effects of poisons on animals, one aspect of great interest is the different character of the reactions that may be shown by various animal species. Examples of such differences have long been known in connexion with such drugs as opium, but recent work with poisonous plants has furnished further evidence of this kind. For example, several species of Senecio induce in horses'hepatic changes which end in a progressive cirrhosis, and the symptoms, which at first point to hepatic and general digestive disturbance, are later mainly of a nervous character. In cattle a cirrhosis of the liver occurs, but the clinical symptoms may be chiefly connected with the intestine, persistent straining being a prominent and very characteristic sign.
In the case of a Crotalaria, the main effect in horses is to he found in the lungs, and the pulmonary symptoms predominate; in cattle the effects are quite different, as pulmonary lesions are absent. In these cases one has to remember the possibility that more than one active principle may be present.
Still more striking are cases in which only one species of (domestic) animal is susceptible. For example, with Matricaria nigellefolia [9] an intoxication could be induced in cattle by giving as little as 21 lb. of the plant, but no ill-effects were seen in animals of any other species, although they were given relatively very much larger quantities (horses up to 235 lb.; sheep 271 lb.; goat 18 lb.: pig 48 lb.; also a dog, rabbits and guinea-pigs). Similarly the soya intoxication was recorded by Stockman only in bovines, and experimental feeding of sheep and pigs failed to reproduce the condition.
There are other instances of plant poisonings which occur naturally in one species only, but in some of these cases the species which is harmed by the plant may be the only one to eat it in significant amount. In some instances the delay in the appearance of symptoms may be due mainly to the fact that the active principle is present in the plant in very low concentration, but that it is only slowly excreted, and accumulates when small amounts are repeatedly taken. In all cases such an accumulation may perhaps be a necessary part of the process leading to an intoxication, but in a number of instances more than this is involved, and it is clear that the effects will develop only after a certain interval of time, whatever the amount fed. In fact, if an animal can be induced to eat a sufficient amount within a fairly short time, there will be a long interval, after the cessation of such feeding, before the effects appear, and there is revealed a latent period comparable to the incubation period of a microbic disease. Sometimes one can obtain indications as to the possible length of the period, from a study of the circumstances associated with natural outbreaks; in this way it has been estimated that with bracken the period may be at least two weeks, and with Senecio jacobcea [22] at least three weeks. The In many of these conditions, the effects appear with quite explosive suddenness. In the case of one animal fed on Matricaria for ten days, and then left to graze in a field known to be free from the plant, the first symptoms appeared twenty-five days after the beginning of the feeding, and fifteen days after its termination. On the twenty-first day, eleven days after the last Matricaria feed, the writer had occasion to watch the experimental animals being put through a dipping tank (an arsenical dip used to eradicate ticks), and the animal in question was particularly noted to give considerable trouble on account of its strength and agility. These observations proved of special interest four days later, when symptoms developed; and also on the following day. wben the animal was quite unable to stand, and appeared to be unconscious of its surroundings.
In As far as I am aware, no evidence of the existence of a latent period has been recorded in connexion with any of the chronic mineral poisonings of man; probably it is not often that susceptible individuals, exposed to risk of chronic poisoning through following some special occupation, change entirely to another environment before symptoms develop.
The very important features of these latent intoxications are: (1) The probability of their not being recognized as plant poisonings at all. (2) The difficulty of finding the cause, even when its nature is suspected. If the plant in question has been eaten weeks, and even months, previously, at the time of the appearance of the first symptoms the animals may have been moved to pasture which is quite free from it.: Even when no such movement has taken place, seasonal changes may have caused the plant to become very scarce, and even to disappear entirely.
The conditions under which animals are tempted to eat poisonous plants are of considerable importance. We have still much to learn on this subject, and the greater part of the necessary information can be collected and recorded only by workers in the field. Excessive hunger is doubtless the main cause of the consumption of poisonous plants, and that arises from a relative scarcity of other foodstuffs, which is due most commonly to particular weather conditions, drought especially. Placing too many animals on a given grazing area will obviously have the same effect of inducing a shortage of other and more palatable foodstuffs. Animals which have been travelling are particularly liable to eat poisonous plants; probably this is often merely a matter of hunger.
An interesting point is the difference which is often observed between the animals bred in one particular area, and those which have recently been introduced to it. The usual explanation of the avoidance of poisonous plants by native animals is that their consumption on some previous occasion has been followed by unpleasant, although not necessarily serious, effects. This explanation cannot hold good for chronic intoxications, for no animal could associate pain with something eaten weeks or months previously; but it was observed that native cattle sometimes escaped Matricaria poisoning, although imported animals kept on the same pasture suffered severely. When animals which had recovered from the intoxication were tested, they showed no special dislike for the plant, but actually took it more readily than most of the newcomers. There is reason to suppose that in some of these cases a degree of tolerance is established. I believe that the most probable explanation of the difference in behaviour between native and newly-introduced animals, is that the former have learned to know the local vegetation, and to discriminate between plants of varying grades of palatability; whereas the newcomer, apart from the fact that it may be excessively hungry on its arrival, is introduced to an unfamiliar flora, and has lost its usual bearings; in such a case it is not surprising if the animal is willing to feed on a plant that normally is moderately unpalatable. Craig and Kehoe found that sorrel was eaten very much more readily by cattle thiat had been stabled for a considerable time, but its rejection by animals taken fresh from pasture could hardly be ascribed to memory of past injuries, since feeding-tests indicated that no injuries are inflicted.
The development of a habit, or an actual craving for a certain poisonous plant, appears to be very rare, although it is described in connexion with loco weeds. I observed in one case signs of what seemed to be a craving for the usually unattractive Matricaria nigellaefolia, but further examination showed that the condition was really one of almost total loss of the ordinary ability to discriminate.
In considering the causes of poisoning in bovines, it is well to bear in mind the fact that these animals appear to be particularly liable to suffer from depraved appetite, as has been shown by the publications of Theiler and his co-workers on osteophagia and phosphorus deficiency.
With respect to methods of prevention, the most obvious course is to eradicate an offending plant, and in some cases that could, and most certainly should, be done. In many cases it would be a slow, difficult and costly operation, and one that might not be justifiable economically. In some instances one would have to regard eradication as practically impossible, at least for the present, and in certain cases it might even be undesirable. It should not be forgotten that some of the poisonous plants are eaten by animals, only when climatic or other conditions have interfered with the growth of the ordinary pasture plants, with the result that poisonous plants predominate in the vegetation. This quality of being able to withstand adverse conditions may be of great value, and the nutritive value of such plants (apart from toxic effects) may be fairly high; moreover, the plant in some instances is harmless to several of the species of domestic animals.
Where eradication is difficult or impossible, by careful study of the intoxication we may be able to devise means of preventing it. In some instances we can obviously utilize the plant as food for animals of species which are not susceptible to the intoxication, but even a susceptible species may be efficiently protected by some simple precaution adapted to the particular case. In some cases (as with Tribulus) it would be sufficient if one insured a proper dilution of the material, by giving an adequate quantity of other foodstuffs.
In other cases all ill-effects might be avoided by making the feeding discontinuous; it would not be difficult to ascertain experimentally what intervals had to be observed, and it might well prove that one could safely allow animals to graze in the danger zone on two or three days a week. Such a method might enable a stock-owner to pass through a period of drought and shortage with comparatively negligible losses, whereas the complete loss of the use of the particular pasture might lead to disastrous consequences. It is also quite probable that research would enable us in some instances to devise a practical inethod of rendering aninals tolerant.
Irn conclusion, it may be claimed that the additions to our knowledge of plant poisoning during the past decade have been of considerable importance, and of great interest. They have undoubtedly added much to our store of useful knowledge, but they have also emphasized the need for more and wider research.
In investigations of this subject it is most desirable that the first work should be biological. It is clearly a waste of labour, from the toxicological point of view, to devote energy and time to the study of a plant that may not be poisonous at all, and the first step should be to determine whether the plant will cause harm when ingested by animals, and whether any animal is likely ever to consume an effective quantity under any combination of natural conditions. After the performance of suitable biological experiments, the chemist has a reasonable basis for his work; the plant is known definitely to induce certain effects, which can be described more accurately than is possible from observation of natural cases, and the determination of the action on ordinary laboratory animals enables the chemical separations to be checked at each step.
Finally, the later and extremely important work of the pharmacologist will be performed on a substance of known importance, and the preliminary pharmacological studies will be simplified and helped by the possession of a knowledge of the general effects under various conditions and in several different animal species.
Discussion.-Dr. MANSON-BAHR alluded to the benefits which had already accrued, and were likely to accrue, from a closer association of the veterinary and medical sciences, and for this reason he congratulated Dr. Andrews on the comprehensive nature of his address: it had given him (the speaker), cause for serious reflection. Dr. Andrews had referred to cirrhosis of the liver in sheep as a sequel to prolonged ingestion of plants belonging to the genus Senecio. He drew attention to a peculiar cirrhosis of the liver which occurred amongst adults in India, especially amongst Mohammedans wbho were abstainers from alcohol. The origin of this disease had so far defied all investigations, whilst a sim-lilar cirrhosis appeared to be found in other parts of the tropics amongst the negro tribes of Central Africa to which Dr. Andrews had referred. Might not this disease in man be due to the continued ingestion of some plalnt poison which, like lead, was cumulative in its effects ? A simlilar cirrhosis of the liver occurred in infants in India, known as "infantile biliary cirrhosis," which appeared to be confined to the Hindu section of the community, the infective virus of which was carried in the mother's milk and was the cause of the occurrence of several cases of this disease in children of the same family.
The lecturer referred to a dermatitis in sheep, due to skin sensitization by the ingestion of toxic proteins brought about when fed upon different forms of clover, trefoil and St. John's wort. The analogy between this condition and the disease known as pellagra in man struck him as being a very close one. All attempts to run to earth the particular virus of pellagra had hitherto failed; it was certainly not a vitamin-deficiency disease. Pellagra was peculiar to certain countries, especially those bordering the Mediterranean, the West Indies and South America. Formerly thought to be due to the ingestion of damiiaged maize, it was now considered to be in some way connected with the ingestion of some food toxin. The main feature of pellagra was the sensitization of the skin, which caused a peculiar rash to appear wherever it was exposed to the direct rays of the sun. This was proved by the distribution of the rash on the hands and face in early cases of the disease, and also by its artificial production of pigmnented patches (such as those caused by holes cut in paper) by a direct light stimulus on different areas of the skin. The prolonged ingestion of the hypothetical pellagra toxin led in time to digestive disturbances and ultimately, by implicating the nervous system, to various pareses, insanity and death. It seemed to him (the speaker) that the ingestion of some nlild, but cumulative, plant toxin-some toxic protein-over a long period of time might lead to this skin sensitization and ultimately to involvement of the central nervous system. He (Dr. Manson-Bahr), went so far as to say that the facts brought forward by Dr The disease is caused by infection of swine with the Bacillus rhusiopathi.e suis, an organism which we do not propose to describe. It is thought to enter the body of its host by way of the alimentary canal. In this country it is more often sporadic than epidemic, though it may assume the characters of an epizootic, as in the Chatteris outbreak of 1905. On the Continent epidemics are frequent.
It is usually a disease of half-grown or adult pigs, and is characterized by high fever, with red or purple patches on the skin, from which the disease gets its name. These are often more or less diamond-shaped, and tend to become confluent, sometimes covering a considerable portion of the body. Internal heemorrhages are seen on the mucous membranes. The disease usually takes one of two forms. In the first place there is high fever, complete loss of appetite, disinclination to move, discoloration of the skin, appearing after the first or second day, constipation, and frequently a painful swelling of one or more of the neck-and knee-joints, with lameness. These symptoms are followed either by death, usually within forty-eight hours, or by complete recovery within a few days; or the infection may assume a chronic type.
In the second form the primary symptoms are not so marked. The discoloration of the skin is usually but not always present, and not so widespread in its distribution; yet there is the same likelihood of the chronic condition developing.
In this chronic phase the pig regains its appetite and apparently recovers. After a time it develops a persistent cough with quick breathing (especially if it is made to take exercise), a disinclination to move, and visible evidences of cardiac disease. These symptoms become worse, until at the end of two or three months from the onset of the disease the pig dies or is destroyed. Post-mortem examination reveals the presence of cauliflower-like masses on the cardiac valves, usually on those on the left side, but sometimes on both. Occasionally these growths have become so enormous as almost completely to occlude the auriculo-ventricular opening.
It is worthy of note that these masses take an appreciable time to develop, and though their presence may be suspected in a pig with continued unthriftiness following an attack of erysipelas a precise diagnosis is rarely feasible until the pig is extremely ill or, what is more probable, until a post-mortem examination is made.
